Background and Purpose-Despite the recent technical evolution of the endovascular treatment of acute ischemic stroke, late and incomplete recanalization can be achieved after several maneuvers but with a potentially higher risk of futile reperfusion and complications, such as clot fragmentation. The aim of this article is to investigate the impact of the angiographic phenotype of M1-middle cerebral artery occlusions, classified as regular and irregular in aspect, on the results of treatment by stent retrievers (SRs) or contact aspiration (CA). Methods-From January to April 2016, 84 consecutive patients, admitted for acute ischemic stroke with a middle cerebral artery occlusion, were treated by endovascular therapy. Among them, 60 patients (26M, 34F, median age, 70.5; interquartile range, 58.5-80.0) were treated by SR (25/60, 41.7%) or CA (35/60, 58.3%) as a first-line approach in 2 experienced centers. Patients' characteristics, timing, and procedural data were prospectively recorded and compared between the 2 study subgroups (regular and irregular phenotype). Results-A regular phenotype at the occlusion site was observed in 24 patients (40%). Among these, successful recanalization after the first-line strategy (Thrombolysis in Cerebral Infarction 2b-3) was achieved in 100% of patients treated by CA and in only 33.3% of patients treated by SR (P=0.001). For irregular phenotypes, SR achieved Thrombolysis in Cerebral Infarction 2b-3 in 73.9% and CA, in 38.5% (P=0.036) of cases. Among regular phenotype patients, the average number of maneuvers was 1.3 (median, 1; range 1-3) with first-line CA and 2.7 (median, 3; range 1-5) with first-line SR (P=0.008). Conclusions-The angiographic phenotype of the occlusion site may be associated with a different response to SR and CA in this preliminary experience.
T he technical evolution of endovascular devices and strategies used in the most recent randomized controlled trials, such as the introduction of stent retrievers (SR), balloon guiding catheters, and the contact aspiration (CA) technique, has led to a dramatic increase in recanalization rates, to up to 70% to 88%. [1] [2] [3] [4] However, in some cases, an adequate recanalization is obtained only after multiple maneuvers, which involve longer procedural times and a potentially higher risk of futile reperfusions and intraprocedural complications, such as new territory embolization secondary to clot fragmentation. The aim of this article is to assess the association between the angiographic aspect of the arterial occlusion on digital subtraction angiography and the recanalization grade, comparing the 2 most frequently used endovascular techniques, that is, SR and CA, in patients with acute M1-middle cerebral artery occlusion.
Materials and Methods
The authors declare that all supporting data are available within the article and in the online-only Data Supplement. Consecutive patients treated by SR or CA for an acute isolated M1-middle cerebral artery occlusion in 2 experienced comprehensive stroke centers between January 1, 2016, and April 1, 2016, were included in the study. Exclusion criteria are reported in Materials in the online-only Data Supplement.
Patients' characteristics were prospectively recorded on arrival in the comprehensive stroke centers by the stroke neurologist: demographics, such as sex and age, the presence of vascular risk factors, and ongoing anticoagulant or antiplatelet treatment are reported in 
Angiographic Pattern of the Occlusion Site
The angiographic assessment of the occlusion site was based on the differentiation of the proximal part of the occlusion, defined as the profile of the lumen of the occluded artery, into 2 different categories: regular when the profile of the occlusion was smooth and straight, with a linear interruption of the flow in the artery that appeared to be abruptly cut off; an irregular pattern was ascribed in cases of any kind of evident modification of the linearity of the occlusion, such as concave or convex shapes or the presence of multiple contrast filling defects on the profile of the occlusion ( Figure) . Both centers used the same standard digital subtraction angiography protocol (2 images/s, length: 4 s; 1 image/s, length: 8 s; afterward 0.5 images) installed on a biplane Philips Allura machine (Philips Healthcare, Best, the Netherlands), and the magnification factor in all cases. Biplane evaluation and manual contrast injection were performed in the internal carotid artery in both centers.
Statistical Analysis
Baseline characteristics and procedural parameters (number of passes, use of rescue therapy, successful recanalization, and procedural complications) were compared between the 2 study subgroups using the χ 2 test (or Fisher exact test when the expected cell frequency was <5) for categorical variables, and the Mann-Whitney U test for quantitative variables. The detailed methodology of the statistical analysis is reported in the online-only Data Supplement.
Results
From January to April 2016, 84 consecutive patients, admitted for an acute ischemic stroke with a middle cerebral artery occlusion, were treated by endovascular therapy. Among them, 60 patients having undergone a retrospective examination of the phenotype of the occlusion site were included in the present study (excluded patients are shown in the flow chart in the online-only Data Supplement). The overall inter-reader agreement for phenotype grading (regular versus irregular) was excellent (accuracy, 86.7%; [95% confidence Interestingly, when the impact of first-line endovascular approaches was stratified according to the phenotype of the occlusion site, among patients with a regular phenotype, successful recanalization was more frequently obtained after firstline CA than after first-line SR (100% versus 33.3%; P=0.001). In contrast, among patients with an irregular phenotype, successful recanalization was less frequently achieved after firstline CA than after first-line SR (38.4% versus 73.9%; P=0.036), suggesting a possible interaction between the first-line endovascular approach and occlusion site phenotype. At the end of the procedure, the difference in successful recanalization between first-line endovascular approaches remained only significant among patients with a regular phenotype (Table 2) . Furthermore, another interesting point to consider is the number of maneuvers needed to achieve successful recanalization according to the phenotype of the occlusion site. Among patients with a regular phenotype, the average number of passes was 1.3 (median, 1; range 1-3) with first-line CA and 2.7 (median, 3; range 1-5) with first-line SR (P=0.008). In contrast, among irregular phenotype patients, the average number of maneuvers required was 3.3 (median, 3; range 1-5) with first-line CA and 1.9 (median, 2; range 1-6) with first-line SR (P=0.004).
Discussion

Morphology of the Occlusion Site and Technique Used: the Recanalization Grades
The idea that recanalization may be influenced by the nature 5 of the clot suggested by its imaging-related features 6 is now becoming accepted, although to our knowledge there are insufficient data to prove it. We advanced the hypothesis that the angiographic aspect of the proximal part of the occluded artery could be associated with a differential response to the technique used in terms of efficacy and safety. A similar concept was investigated by Baek et al, 7 who described a truncal and a branching type of occlusion with digital subtraction angiography. However, the authors described the possible association between the angiographic aspect of the recanalization observed at the moment of the deployment of a SR bridging the clot and the recanalization rate obtained after SR in large vessel occlusions of the anterior and posterior circulation. We proposed a different classification of the occlusion type and considered only patients with a middle cerebral artery occlusion that were treated with SR or CA. Our data suggest a better response of regular phenotype occlusions to CA than to SR and, on the contrary, in patients with an irregular occlusion, a higher proportion of adequate recanalization after treatment by SR than by CA. Other variables, such as the vascular tortuosity and clot consistency may impact the effectiveness of the endovascular treatment; however, the former is difficult to standardize and the latter information unavailable at the time of the procedure. Histological data are necessary to evaluate a possible correlation between the angiographic aspect of the occlusion and the nature of the clot. Although the hypothesis that occlusion phenotype could predict clot type is suggestive and currently under investigation, there are, to date, insufficient data to prove it.
Limitations
The major shortcomings of our study are related to its small sample size and to the short period of inclusion. As a consequence, we did not perform multivariate analyses or a heterogeneity test to support that impact of occlusion phenotype on successful recanalization depending on the firstline endovascular approach. For these reasons, the present results should be considered only as hypothesis generating and require confirmation in further larger studies.
Conclusions
The different morphological aspects of the occlusion site, regular, or irregular are associated with the efficacy of the endovascular technique, SR or CA. This article underlines the importance of future investigations about the biomechanical nature of the occluding thrombus. If replicated in larger studies, this result may strongly impact the choice of the first-line endovascular procedure device.
